1. Introduction {#s0005}
===============

*Plumbago zeylanica* L. (Plumbaginaceae) is an important medicinal plant greatly valued in Ayurveda for treatment of cough, asthma and gastrointestinal disorders. In *Sushrutha Samhitha* it has been described as antiseptic, febrifuge, detoxicant, antihelminthic and considered valuable for curing migraine, jaundice, urinary calculi, internal abscesses, seminal weakness, vaginal discharges and insanity. In the Arabian Peninsula, it is mainly distributed over Oman, Yemen and the Southwestern region of Saudi Arabia. The use of the roots of *P. zeylanica* for treating skin problems has been recorded by early Muslim physicians ([@b0045]). The hepatoprotective, anti-inflammatory, anti-diabetic, anti-cancer and anti-hyperlipidemic activities of *P. zeylanica* have already been reported ([@b0060], [@b0150], [@b0140], [@b0080], [@b0135]). Cisplatin (cis-diamminedichloroplatinum (II), CDDP) is an important anticancer drug used against the cancers affecting head, neck, lung, testis, ovary, and breast and it is well known that the main dose-limiting side effect of cisplatin is nephrotoxicity. Many medicinal plants have shown nephroprotective activity and may provide the basis for strategies following the adverse effects of heavy metals, antibiotics, analgesics, anti-cancer drugs and industrial agents. The present study aims to analyze the preliminary phytochemical features of the roots of *P. zeylanica* and also to assess the efficacy of its hydroalcoholic extract (HAPZ) against cisplatin induced nephrotoxicity in Swiss albino mice.

2. Materials and methods {#s0010}
========================

2.1. Plant material {#s0015}
-------------------

Fresh roots of *P. zeylanica* ([Fig. 1](#f0005){ref-type="fig"}) were collected from Adoor, Pathanamthitta district, Kerala and the plant materials were authenticated by Dr. Jacob Thomas, Herbarium, Department of Botany and Microbiology, King Saud University. The roots were cleaned, shade dried, coarsely powdered and stored until further analyses.

2.2. Qualitative phytochemical screening {#s0020}
----------------------------------------

Weighed quantity of coarsely powdered sample was successively extracted using solvents such as petroleum ether, chloroform, ethyl acetate and methanol. The extracts were concentrated by distillation and excess solvents were removed by evaporation on a water bath. The qualitative phytochemical tests were done according to standard procedures ([@b0105]).

2.3. GC--MS analysis {#s0025}
--------------------

One gram of sample was extracted in 100 ml of diethyl ether using Soxhlet apparatus and the extract was concentrated to dryness under vacuum. GC--MS analysis of the diethyl ether extract of the selected drugs was carried out on a 5975C Agilent system equipped with a DB-5 ms Agilent fused silica capillary column (30 × 0.25 mm ID; film thickness: 0.25 μm), operating in electron impact mode at 70 eV. Pure helium (99.9995%) was used as carrier gas at a constant flow of 1.5 mL/min and an injection volume of 1 μL was employed (split ratio is 10:1). Mass transfer line and injector temperature were set at 230 °C and 250 °C, respectively. The total running time for GC was 35 min. Mass spectra was taken at 70 eV; with a scan range 40--700 m/z. Solvent cut time was 3 min; MS start time being 3 min; MS end time being 35 min; Ion source temperature set to 230 °C and interface temperature being 240 °C. To identify the compounds, the extract was assigned for comparison of their retention indices and mass spectra fragmentation patterns with those stored on the computer library and also with the published literature. National Institute of Standards and Technology library sources (NIST II) were used for matching the identified compounds from the plant materials ([@b0070]).

2.4. Nephroprotective study {#s0030}
---------------------------

### 2.4.1. Preparation of extract {#s0035}

The roots of *P. zeylanica* were first subjected for purification and detoxification by soaking them in lime water for 48 h and further drying ([@b0120]). The shade dried purified drug was pulverized and finely sieved. Weighed quantity of coarse powdered drug was soaked in ethanol (99.9%)/water (1:1) in a percolator for 24 h. The soluble portion was filtered through a filter paper and dried on water bath in a weighed evaporating dish. The extracts were dried under vacuum and stored in desiccator until use for further analysis.

### 2.4.2. Experimental animals {#s0040}

Swiss albino mice weighing 25 to 30 g body weight were procured from animal house attached to Pharmacology laboratory at SDM Centre for research in Ayurveda and Allied Sciences, Udupi, Karnataka, India. Before the experimental study, approval of Institutional Animal Ethical Committee was taken (SDMCRA/IAEC/RJ18). Animals were housed in 525 × 330 × 230 mm polypropylene cages; 6 mice per cage with paddy husk bedding at temperature 25 °C ± 2 °C and humidity 50 ± 5% during the entire duration of the experimentation. The mice were provided with normal diet and water *ad libitum*.

### 2.4.3. Experimental design {#s0045}

The animals were grouped into four different categories as mentioned below.

Group I -- Normal control group

Group II -- Negative control (Cisplatin 20 mg/kg)

Group III -- Test group III (Cisplatin 20 mg/kg + HAPZ 200 mg/kg)

Group IV -- Test group IV (Cisplatin 20 mg/kg + HAPZ 400 mg/kg)

Group specific drugs were administered for 10 consecutive days. 0n 8th day an hour after drug administration a single dose of cisplatin (20 mg/kg body weight) was injected intraperitoneally to all the group except normal control group mice. After 48 h, i.e. on 10th day, an hour after test drug administration the animals were sacrificed and blood was collected from retro-orbital puncture. The blood was allowed to clot and the serum was separated for biochemical estimations. The kidney was dissected out, kept in 10% formalin and used for antioxidant and histological examination.

### 2.4.4. Assessment of renal function {#s0050}

For the evaluation of renal function, renal parameters such as weight of kidney, serum urea, serum creatinine, serum uric acid, serum sodium and serum potassium were estimated. The blood was collected from the retro-orbital plexus on 10th day from animals and they were anesthetized using sodium phenobarbitone (60 mg/kg). The serum was separated by centrifugation at 1000 rpm for 10 min and analyzed for biochemical parameters such as serum urea, uric acid and electrolytes. Serum urea was measured using the commercially available kit (Liquicheck AGAPPE Diagnostics LTD), following the GLDH-Urease method ([@b0155]). The amount of creatinine in serum was estimated using Liquicheck AGAPPE Diagnostics commercial kit according to Picrate method ([@b0030]). Serum uric acid level was determined using commercially available Biosystems Uric acid kit by Uricase method ([@b0040]). Estimation of serum sodium and potassium was done by flame photometric method ([@b0025]).

### 2.4.5. Estimation of oxidative stress markers {#s0055}

The kidney tissue homogenate was prepared in phosphate buffer saline (pH 7.4) and centrifuged at 4 °C. The clear supernatant was collected and used for estimating catalase activity, glutathione peroxidase activity and lipid peroxidation using standard protocols. Catalase activity in the kidney tissue homogenate was measured according to the procedure of [@b0130], determination of glutathione peroxidase was made according to the methodology of [@b0115] and the tissue lipid peroxidation activity was measured following the procedure of [@b0090].

### 2.4.6. Statistical analysis {#s0060}

The experimental data were expressed as Mean ± SEM. Statistical analysis was carried out by one way analysis of variance followed by Dunnet's T~3~ multiple comparison test. IBM SPSS Statistics Version 22 was used for the analysis of data.

### 2.4.7. Histopathological studies {#s0065}

Sections of kidney tissue were histopathologically examined to study the nephroprotective effect of HAPZ. The tissues were fixed in 10% formalin and processed according to a standard protocol ([@b0015]). The slides were examined microscopically for pathomorphological changes such as glomerular congestion, glomerular hypercellularity, interstitial edema, necrosis, tubular casts and hemorrhage.

3. Results {#s0070}
==========

The preliminary phytochemical screening of the roots of *P. zeylanica* showed the presence of sugars, steroids, flavonoids, alkaloids, terpenoids, quinones, phenols, and tannins ([Table 1](#t0005){ref-type="table"}). Alkaloid was seen in ethyl acetate and methanol extracts while terpenoid was noticed only in the chloroform extract.

Gas liquid chromatogram of the diethyl ether extract of root of *P. zeylanica* revealed the presence of 8 peaks indicating the presence of 8 different compounds ([Table 2](#t0010){ref-type="table"}; [Fig. 2](#f0010){ref-type="fig"}). Of the 8 constituents, except two all others were matched and identified. The results revealed that 1,4-naphthalenedione (40.09%) was the major component followed by oleic acid (19.95%), β-asarone (14.08%), naphtho (2,3-b)furan-2(3H)-one (7.68%), ethyl p-methoxycinnamate (4.58%), and n-hexadecanoic acid (2.18%).

3.1. Nephroprotective studies {#s0075}
-----------------------------

### 3.1.1. Kidney weight {#s0080}

There is a significant increase in the weight of kidney by 50.6% in cisplatin administered group in comparison to normal control group. HAPZ administered at higher dose level has shown significant decrease in kidney weight when compared to cisplatin control group but the lower dose of HAPZ has no effect in this aspect.

### 3.1.2. Serum urea {#s0085}

In cisplatin administered group there was a remarkable significant increase (228.67%) in the serum urea level in comparison to the normal control group. The results indicated that the drug showed a dose dependent significant reduction in the serum urea level toward normal range. The higher dose of HAPZ reduced the concentration of urea by 68.2% when compared to cisplatin control group.

### 3.1.3. Serum creatinine {#s0090}

In cisplatin administered group there was a significant increase in the serum creatinine level (3.0 ± 0.19 mg/dl) in comparison to normal control group (0.7 ± 0.05 mg/dl). HAPZ exhibited a dose dependent significant decrease in the serum creatinine level. The creatinine level was reduced to 0.85 ± 0.06 mg/dl (71.67%) by the administration of higher dose (400 mg/kg) of HAPZ.

### 3.1.4. Serum uric acid {#s0095}

The concentration of serum uric acid was increased significantly by 81.5% in cisplatin control group when compared to normal control group. HAPZ administered group exhibited increase in the serum uric acid level in comparison to cisplatin control group, but was statistically insignificant.

### 3.1.5. Serum sodium and potassium {#s0100}

There was only a small insignificant increase in serum sodium level in the cisplatin administered group in comparison to normal control group. HAPZ administered at both dose levels has shown decrease in the serum sodium level in comparison to cisplatin control group and the effect of the higher dose was found to be statistically significant.

Serum potassium level was significantly decreased by 32.43% in the cisplatin administered group in comparison to normal control group. HAPZ exhibited dose dependent reduction but the effect of higher dose alone was statistically significant. The results are represented in [Table 3](#t0015){ref-type="table"}.

### 3.1.6. Effect of HAPZ on kidney tissue oxidative stress markers {#s0105}

To investigate the antioxidant potential HAPZ and its impact on cisplatin induced nephrotoxicity, oxidative stress enzyme markers such as catalase and glutathione peroxidase as well as lipid peroxidation were estimated ([Table 4](#t0020){ref-type="table"}). The mean concentration of catalase (CAT) in the kidney tissue of normal control mice was 98.34 ± 1.37 which was significantly reduced to 16.63 ± 2.48 in cisplatin treated mice. Both doses of HAPZ showed significant increase in the activity of catalase but the lower dose exhibited pronounced effect than that of the higher dose of HAPZ. Glutathione peroxidase (GHX-px) concentration in the kidney tissue of cisplatin control mice was 3.08 ± 0.63 μmol/mg protein, whereas in normal control mice 12.04 ± 0.65 μmol/mg protein, which indicate a significant reduction in glutathione peroxidase activity in nephrotoxic animals. Treatment with higher dose (400 mg/kg) of HAPZ significantly increased the level of glutathione peroxidase toward the normal level. The lower dose of HAPZ also showed significant activity. Malondialdehyde (MDA) levels in kidney tissue, used as an index of lipid peroxidation was significantly higher (160.99 ± 8.78) in cisplatin treated group when compared to normal control group (26.98 ± 3.05). HAPZ exhibited significant effect on decreasing the MDA concentration in cisplatin treated animals. HAPZ at 200 mg/kg dose reduced MDA level by 75.18% while the higher dose of 400 mg/kg decreased MDA level by 71.84%.

### 3.1.7. Histopathological examination of kidney tissue {#s0110}

Microscopic examination of the kidney sections from normal control group mice exhibited normal intact cytoarchitecture in both cortex and medulla. Glomeruli were numerous and well developed. Convoluted tubules and their epithelial lining were normal ([Fig.3](#f0015){ref-type="fig"}A). Microscopic examination of sections of kidney from cisplatin only injected control group showed significant degenerative changes in both cortex and medulla. Cellularity of the glomeruli was decreased as well as epithelial lining of convoluted tubules showed erosion and necrotic changes. Edematous changes were visible in the interstitial tissue, focal cell infiltration was observed at certain places, hemorrhage and degenerative changes were detected in the medulla ([Fig.3](#f0015){ref-type="fig"}B). Microscopic examination of sections of kidney from cisplatin injected and HAPZ 200 mg/kg dose receiving mice exhibited mixed profile. Very good protection was observed in 3 mice and weak to moderate protection was observed in the remaining. In those mice showing good protection, the cytoarchitecture looked almost normal with only few degenerative changes in the epithelial lining. In the remaining, moderate degenerative changes in the tubular epithelium and interstitial tissue edema were observed ([Fig.3](#f0015){ref-type="fig"}C). Microscopic examination of sections of kidney from cisplatin injected and HAPZ 400 mg/kg dose receiving mice also showed almost similar microscopic profile to HAPZ 200 mg/kg dose receiving mice except absence of interstitial edema ([Fig.3](#f0015){ref-type="fig"}D).

4. Discussion {#s0115}
=============

Qualitative phytochemical screening of herbal drugs is a pre requisite study prior to their detailed phytochemical and pharmacological investigation. Various tests have been conducted for the qualitative determination of bioactive compounds in the roots of *P. zeylanica*. In the present investigation, qualitative analysis of four different extracts (petroleum ether, chloroform, ethyl acetate and methanol) of the drug was analyzed for phytochemicals. Different solvents have various degrees of solubility for different phytochemicals ([@b0065]). Sugars, steroids, flavonoids, quinones, phenols, tannins and terpenoids were present in the roots of *P. zeylanica*. The present study demonstrated that cisplatin induced renal injury is evident from the increased kidney weight, high values of creatinine, urea and uric acid in serum, elevated concentration of malondialdehyde (MDA) and decreased level of catalase and glutathione peroxidase in kidney tissue of the experimental animals (Swiss albino mice). Administration of HAPZ ameliorates the nephrotoxicity induced by cisplatin in animals. It is reported that in cisplatin induced nephrotoxicity, kidneys gain weight as the damage increases ([@b0110]). In agreement with the other reports, the present study also revealed that there is significant increase in kidney weight in cisplatin treated experimental organisms. Increase in the weight of the kidney following cisplatin administration is probably due to the renal cell injury caused by inflammation. When there is inflammation of an organ or tissue, blood flow to the area increases and there is a transient stasis of blood in the area of inflammation, permitting inflammatory cells like neutrophils and monocytes along with fluid to extravagate from the vascular compartment to the interstitium which probably leads to increase in the weight of kidney. The higher doses of HAPZ significantly decreased the kidney weight in treated animals. The reduction in kidney weight after the administration of HAPZ can be attributed to their anti-inflammatory potential.

The serum urea, creatinine and uric acid are the ultimate metabolites of purine which may alter the glomerular filtration rate and increase in their levels in serum are associated with renal damage and considered as the index of nephrotoxicity ([@b0075]). Serum creatinine concentration is believed to be a more potent indicator than the urea and uric acid levels in the first phase of any kidney disease ([@b0145]). It is reported that urea concentrations in serum begin to increase only after parenchymal injury ([@b0050]). [@b0020] reported that elevation in the concentration of uric acid may also lead to progressive renal insufficiency. The present study clearly revealed that administration of HAPZ successfully prevented cisplatin induced renal damage in mice by significantly reducing the elevated levels of urea, creatinine and uric acid in serum. Cisplatin administration has produced considerable damage to nephrons as indicated by the significant elevation of serum urea concentration. HAPZ at both doses offered significant renal protection by reducing the serum urea. Cisplatin administration also elevated serum creatinine level significantly indicating its nephrotoxicity probably by damaging the renal parenchymal cells. HAPZ at both doses significantly reduced serum creatinine and proclaimed its nephroprotective behavior by reversing the cellular parenchyma damage induced by cisplatin. Hyperuricemia, increase in uric acid level is associated with renal disease, but it is usually considered a marker of renal dysfunction rather than a risk factor for progression ([@b0005]). HAPZ at both doses have exhibited an insignificant effect on uric acid reduction.

Higher doses of drugs, toxins, infectious agents, chemicals etc. can cause kidney damage and ultimately lead to electrolyte imbalance ([@b0125]). The concentration of serum sodium did not show a significant change (only less than 2% increase) in cisplatin treated group when compared to the normal group. Similar results, however, have been reported with respect to changes in serum sodium after cisplatin treatment ([@b0160]). The present study revealed a significant decrease in potassium level after the administration of cisplatin. It is previously reported that hypokalemia, a common electrolyte abnormality occurred during cisplatin treatment due to increased renal reabsorption capacity observed in response to decreased intestinal absorption of potassium ([@b0010]). The administration of higher doses of HAPZ significantly increased the potassium concentration toward normal values in cisplatin treated groups, which indicates its potential to overcome potassium imbalance.

The role of oxidative stress in cisplatin-induced nephrotoxicity is also reported by many researchers. Studies have demonstrated that cisplatin induces the formation of radical oxygen species in renal epithelial cells primarily by decreasing the activity of antioxidant enzymes ([@b0095]). It was reported that oxidative stress upon cisplatin administration is characterized by increased lipid peroxidation and altered non-enzymatic and enzymatic antioxidant systems ([@b0055]). In this study, oxidative stress induced by the administration of cisplatin is evidenced by the reduced catalase and glutathione peroxidase levels as well as increased lipid peroxidation.

The reduction in the activity of catalase in the cisplatin treated group results in decreased ability to scavenge toxic hydrogen peroxide, further contributing to oxidative stress HAPZ exhibited statistically significant elevation in catalase level; however the lower dose was somewhat more effective than its higher dose. The activity of glutathione peroxidase enzyme also got decreased following cisplatin administration. HAPZ showed dose related increase in the glutathione peroxidase concentration when compared to the normal control group. Administration of HAPZ normalize the activities of catalase and glutathione peroxidase enzymes which might be due to the presence of free radical scavenging activity of flavonoids present in these drugs ([@b0085]). The membrane lipid peroxidation, the primary event in the tissue damage, which was found to be elevated in cisplatin control group was significantly reduced and brought toward normal by the administration of HAPZ. This shows the capability of this drug to reverse the membrane damages induced by cisplatin. The results clearly indicated the antioxidant potential of HAPZ but its effect on catalase activity and lipid peroxidation was not dose dependent. It can be suggested that the HAPZ contains many active principles, some of which may have mutually antagonistic effects and because of this, at higher dose level the effect of the antioxidant active principle may get reduced.

It was reported that the toxic effect of cisplatin in kidney can be clearly explained by observing the cytotoxic injury which ranges from mild sub-lethal variations to necrotic death. ([@b0035]). Histopathological studies in mice kidney after cisplatin administration revealed acute tubular necrosis which confirms irreversible injury to kidney ([@b0100]). In the present study, the histopathology of kidney sections from cisplatin control group revealed necrotic changes in the tubular epithelium, edematous changes in the interstitial tissue and focal cell infiltration. Microscopic examination of sections of kidney from cisplatin injected and HAPZ at 200 mg/kg as well as 400 mg/kg dose treated mice revealed that the drug at both doses provide moderate to good protection as the cytoarchitecture looked almost normal with only few degenerative changes in the epithelial lining and tubular epithelium.

5. Conclusion {#s0120}
=============

In this study, roots of *Plumbago zeylanica* were subjected for phytochemical examination as well as its potential as a nephroprotective agent. Preliminary phytochemical analysis revealed the presence of sugars, steroids, flavonoids, alkaloids, quinones, phenols, tannins and terpenoids in its roots. Gas liquid chromatogram of the diethyl ether fraction of the roots of *P. zeylanica* revealed the presence of 8 peaks of which 6 were identified. The hydroalcoholic extract of the drug was found to produce significant reversal of cisplatin induced changes in the kidney as indicated by measured biochemical parameters at higher dose of 400 mg/kg b.w.
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###### 

Preliminary phytochemical screening of roots of *P. zeylanica* successive extracts.

  **Test**          Pet ether   Chloroform   Ethyl acetate   Methanol
  ----------------- ----------- ------------ --------------- ----------
  Alkaloid          −           −            \+              \+
  Carbohydrate      −           \+           \+              \+
  Carboxylic acid   −           −            −               −
  Coumarins         −           −            −               −
  Flavanoids        −           −            −               \+
  Phenol            −           −            \+              −
  Quinone           −           \+           −               −
  Resins            −           −            −               −
  Steroid           \+          \+           \+              \+
  Saponins          −           −            −               −
  Tannin            −           −            \+              \+
  Terpenoid         −           \+           −               −

###### 

List of phytochemicals identified by GC--MS of diethyl ether extract of roots of *P. zeylanica*.

  Peak   RT       \% Area   Name                            Match
  ------ -------- --------- ------------------------------- --------------
  1      13.050   14.08     β-Asarone                       Identified
  2      13.225   40.09     1,4-Naphthalenedione            Identified
  3      13.657   2.31      --                              Unidentified
  4      13.857   4.58      Ethyl *p*-methoxycinnamate      Identified
  5      14.720   2.18      n-hexadecanoic acid             Identified
  6      14.764   9.13      --                              Unidentified
  7      14.945   7.68      Naphtho(2,3-b)furan-2(3H)-one   Identified
  8      15.546   19.95     Oleic Acid                      Identified

###### 

Effects of HAPZ on Kidney weight, Serum urea, Serum creatinine, Serum uric acid, Serum sodium and potassium.

  Groups              Kidney weight (mg)     Urea (mg/dl)            Creatinine (mg/dl)   Uric acid (mg/dl)   Sodium (mmol/L)     Potassium (mmol/L)
  ------------------- ---------------------- ----------------------- -------------------- ------------------- ------------------- --------------------
  Normal Control      318.00 ± 7.92          40.67 ± 1.58            0.7 ± 0.05           2 ± 0.13            146.00 ± 2.26       5.18 ± 0.26
  Cisplatin control   479.00 ± 15.68^\#\#^   133.67 ± 2.06^\#\#\#^   3.0 ± 0.19^\#\#\#^   3.63 ± 0.23^\#^     148.5 ± 1.04        3.50 ± 0.24^\#^
  HAPZ 200            465.71 ± 24.66         42.50 ± 1.94^\*\*\*^    0.85 ± 0.06^\*\*^    2.48 ± 0.40         144.00 ± 1.09       5.00 ± 0.36
  HAPZ 400            375.00 ± 13.38^\*\*^   47.17 ± 2.98^\*\*\*^    1.08 ± 0.10^\*\*^    2.78 ± 0.18         141.00 ± 0.88^\*^   5.23 ± 0.19^\*^

Data: MEAN ± SEM, ^\#\#\#^P \< 0.001 in comparison to normal control group, ^\#\#^P \< 0.01 in comparison to normal control group, ^\#^P \< 0.05 in comparison to cisplatin control group, ^\*\*\*^P \< 0.001 in comparison to cisplatin control group, ^\*\*^P \< 0.01 in comparison to cisplatin control group, ^\*^P \< 0.05 in comparison to cisplatin control group.

###### 

Effect of HASA and HAPZ on antioxidant parameters.

  Groups      Catalase (μM of H~2~O~2~ consumed/min/mg protein)   Glutathione peroxidase (μM of GSH oxidized/min/mg protein)   Lipid peroxidation(μM of MDA formed/g wet tissue)
  ----------- --------------------------------------------------- ------------------------------------------------------------ ---------------------------------------------------
  Group I     98.34. ± 1.37                                       12.04. ± 0.65                                                26.98 ± 3.05
  Group II    16.63 ± 2.48^\#\#\#^                                3.08 ± 0.63^\#\#^                                            160.99 ± 8.78^\#\#\#^
  Group III   86.39 ± 2.93^\*\*^                                  8.76 ± 0.97^\*\*^                                            39.95 ± 7.92^\*\*\*^
  Group IV    77.95 ± 1.91^\*\*^                                  13.60 ± 0.54^\*\*^                                           45.33 ± 8.92^\*\*^

Data: MEAN ± SEM, ^\#\#\#^P \< 0.001 in comparison to normal control group, ^\#\#^P \< 0.01 in comparison to normal control group, ^\*\*\*^P \< 0.001 in comparison to cisplatin control group, ^\*\*^P \< 0.01 in comparison to cisplatin control group.
